We report the twining handedness of Codonopsis pilosula, which has either a 9 left-or right-handed helix among different plants, among different tillers within a 10 single plant, and among different branches within a single tiller. The handedness was 11 randomly distributed among different plants, among the tillers within the same plants, 12 but not among the branches within the same tillers. Moreover, the handedness of the 13 stems can be strongly influenced by external forces, i.e. the compulsory left and right 14 forming inclined to produce more left-and right-handed twining stems, respectively, 15 and the reversing could make a left-handed stem to be right-handed and vice versa. We 16 also discuss the probable mechanisms these curious cases happen. 17
Introduction 19
The graceful movements of twining plants have fascinated biologists since Charles 20
Darwin's time (Darwin, 1865; Isnard and Silk, 2009 ). Most of the twining plants show 21 fixed handedness, either consistently forming right-or left-handed helices as they 22 climb, which depends on the genus and/or species (Hashimoto, 2002) . Although very 23 rare, there are also some exceptions, e.g. in Dioscorea and Wisteria, where different 24 2 / 8 species twine in one direction or the other (Ornduff 1991) . 25 Darwin (1865) also provided cases of different individuals in the same species 26 twined in both directions, and even, some of the individuals twined firstly in one 27 direction and then reversed their course. However, as Darwin mentioned, the stems of 28 these species could be easily pulled from its support with little unwinding. Hence, these 29 species should be more suitable to be viewed as climbing than twining plants. 30 Codonopsis pilosula (Campanulaceae) is a typical twining plant native to China and 31 surrounding areas and usually found growing around forest openings under the shade of 32 trees. Both left-and right-handed stems of this species are found ( Fig. 1 A, B) . Also, 33 different tillers within a single plant (Fig. 1 C) and different branches in a single tiller 34 ( 
Materials and Methods 43

General observation 44
The C. pilosula seedlings were planted and in the spring on the second year, before the 45 plants were germinated, each plant was provided with a PVC pipe (1.8 meters long and 46 the diameter is 16 mm) as the supporting material. 47
Five hundred C. pilosula were planted and kept intact for the general observation of 48 handedness distribution. The first growing tiller of each plant was used for the 49 3 / 8 statistical analysis on handedness distribution among plants. Plants having two or more 50 tillers were observed for handedness distribution statistical analysis within each plant. 51
The first growing tillers having six or more branches were used for the handedness 52 distribution of their branches and their relationship with the mother tillers themselves. 53
Compulsory treating 54
Two hundred C. pilosula were planted, in which each half were compulsorily fixed as 55 left-and right-handed, respectively, by adhesive cellophane on the tip of the youngest 56 leaf to the supporting PVC pipes. The fixation was executed before the stems have 57 started their own twining behaviors and continued following the growing of the stems 58 until the plants covering two helix pitches, we then removed the adhesion material and 59 kept the plants growing freely again. The handedness of each stem was recorded when 60 it gained another two or more helix pitches. 61
Eighty more C. pilosula were planted for compulsorily reversing treat (one tiller for 62 each plant). First, the tillers were kept intact to grow for more than two helix pitches 63 and then we reversed their initial direction until the young stem showed fixation of their 64 handedness (usually 1.5~3 helixes) using adhesive cellophane. We then removed the 65 adhesion material and kept the plants growing freely again. The twining handedness of 66 each stem was recorded when it gained another two or more helix pitches. 67
Statistical analysis 68
We used "Chi-square goodness of fit tests" in Minitab 16.0 to test whether the left vs. 
001). 96
Thirty and thirty-four tillers successfully grow for more than two helix pitches after 97 left-to-right and right-to-left treating, respectively (Fig. 1 F, G and that morning glory SCARECROW gene is responsible for the abnormal 139 phenotypes of weeping (Kitazawa et al 2005) . However, because the morning glory is a 140 right-handed plant, these studies can only tell why the stem wind or not. Another study 141 on mutant Arabidopsis thaliana (including left-and right-handed mutants) indicated 142 that microtubule cytoskeleton might be critical for determining cell shape and thus the 143 stem handedness (Hashimoto, 2011) . Because the A. thaliana is not a twining plant, we 144 suggest studying on the C. pilosula will provide more direct and convincing evidences. 145
It should be mentioned that, C. pilosula is also an important traditional Chinese 146 medicine. The cultivation related experiences and studies will also facilitate further 147 analysis in the lab. 
